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THE DRYING CHARACTERISTICS OP CHEMICALLY DE-GUMMED 
FLAX FIBERS AND WATER-RETTED FLAX STRAW 
I INTRODUCTION 
Linen Is often called the textile of luxury as its 
expense in the finer grades stands in the way of its common 
use. Linen at the present is preeminant for surgical uses 
and household purposes. No other textile is so free from 
lint, gives up its moisture so rapidly, is so easily cleansed 
and so pure and hygienic for constant use. Fabrics woven 
from other fibers are adulterated and cheapened, yet are ac-
ceptable with many consumers as the appearance is all that 
is really required of them, but with linen, it is in general 
the properties that are sought, and as all adulterations de-
crease these, pure linen is demanded. Linen is accorded a 
respect which we. do not give to other textiles, for its long 
-*; 
history, its oid-time reliability, its exclusive command of 
many household needs, its purity and wholesomeness have given 
it a high record. 
The great war almost destroyed the linen industry. 
Hemp and cotton had to be used in union with flax or in place 
of it, the supply of flax and of linen fabrics being almost 
exhausted. Linen was in demand̂  for airplane wings and 
cordage and it was not until the closing months of the war 
that cotton was successfully adapted to these uses. 
. - > : • . 
tw 
The contending armie s fought on the best fields of 
Belgium, injuring them seriously for flax production. The 
mills of Prance and Belgium were destroyed by bombs or had 
the machinery carried away. When the war was over the flax 
industries of these two countries seemed hopelessly prostrate. 
By 1931 little difficulty was found in obtaining any 
class of linen desired. The United States was importing 
more than ever before, the increase being notably from 
Czechoslovakia, Belgium, the Netherlands, Italy and France. 
Flax for fine linens is neither grown nor manufactured in 
the United States, but flax is planted extensively for seed. 
Methods of cultivation of flax are largely what they were in 
the time of the Pharaohs. Suggestions have been made and 
machines have been built for more rapid means of harvesting 
the crop and preparing for spinning but this treatment has 
proved injurious to the fibers. 
*£' 
The world flax production has increased rapidly since 
the war, with the exception of Russia and Latvia. Today, the 
nations of Europe are again at war and the flax industries 
there will undoubtedly be paralyzed again as they were in 
1914. So the United States stands out as the most encouraging 
field for the life and development of the flax industry. To 
this end the State Engineering Experiment Station at the 
Georgia School of Technology is engaged in designing new 
machines for^the recovery of fibers from the flax straw and 
determining the besVirieÛ od of de-gumming the fibers chemically. 
(3) 
The whole research program may be thought of as the "cottoni-
zation" of flax. 
Drying is an important step in the continuous proces-
sing of the fibers and it is essential that the true drying 
characteristics be known before suitable and efficient 
dryers can be designed. Flax has been diived in the past by 
exposure to direct sunlight, the moisture being removed by 
natural convection. This simple method of drying requires 
too much time for practical use, so it becomes essential that 
the flax straw and fibers be dried artificially. 
• . -
(4) 
II PURPOSE OP PROBLEM 
The purpose of the problem is to determine the drying 
characteristics of water-retted whole flax straw and chemi-
**, 
cally de-gummed flax fibers so that a suitable and effi-
cient dryer may be designed to speed up •fehis step in the 
manufacture of linen from the flax straw, 
(5) 
III METHOD OP TEST 
Determination of Equilibrium Moisture Contents of 
Flax Fibers. Three wire cartridges, made to fit inside a 
ten inch test tube, were filled with flax fibers and hung in-
side of a compartment dryer which was ke«pt at a constant tem-
perature and humidity. The samples were exposed to the air 
until they attained a constant weight, after which time they 
were fitted into the test tubes, tightly corked and immediately 
weighed on an analytical balance. These samples were then 
bone dried in an ordinary drying oven at 115°G. The above 
procedure was repeated for different conditions of drying 
air, the temperature and humidity being held at any desired 
value while the stock was reaching equilibrium with the sur-
rounding air. The difference between the equilibrium and 
bone dry weights represents the amount of moisture held by the . 
stock at the existing conditions and the three samples served 
to give three determinations of a single point on the equili-
brium moisture content curves. The average of the three val-
ues were plotted as pounds of moisture per 100 pounds of dry 
stock as abscissas against percent relative humidity as ordinates 
at a constant temperature. ' 
All samples contained an excess of moisture before be-
ing placed in the dryer, the values giving a true desorption 
curve. Absorption values were determined for several condi-
tions by exposing dry samples to the surrounding air, but 
. • . .;„•,.••...,•• w - • • • » • ! * : v •••' 
"i.i *•• 
these values of .equilibrium moisture content so determined 
, 
(6) 
fell within the limits- of those for desorption at the same 
temperature and humidity. If there is a difference in these 
two curves it is so snail that it could not be detected by 
this method of test* •<, 
Adaptation of Dryer for Drying Rate Measurements* 
' • * 
The available compartment dryer was arranged so that it ap-
proached a tunnel dryer in operation* A plywood shelf was 
built directly under the air-inlet tubes which were located 
near the top of the dryer. The shelf restricted the path 
taken by the air and gave parallel flow over the stock. The 
wings, fitted on this shelf, were capable of being set at 
different angles, thus effecting different air velocities. 
With such an arrangement, part of the incoming air could be 
shunted around the drying stock, giving low air velocities; 
or all of the air could be restricted to a relatively small 
area, giving large^Air velocities. This set-up did not give 
a large enough range of air velocitie s for a proper study of 
its effect on drying rates so varying numbers of the air-
inlet tubes were closed, giving air velocities varying from 
100 to 1500 feet per minute. 
Determination of Drying Rates. 
A. General Procedure: Flax was loaded into a screen 
wire basket of large area and suspended from an arm of a bal-
ance by a wire* The balance was located on the top of the 
' • % . 
compartment dryer 'and the wire was allowed to hang through a 
, • g * 
hole in the top, the^mfe^^nd of the wire being attached to 
(7) 
the basket which hung in the drying air stream. Weighings 
were made at definite time intervals and these values were 
recorded. A control switch was placed on the dryer top so 
that the blower fans-could be stopped momentarily for weigh-
ings. With this set-up the condition of the drying air re-
mained constant throughout the entire run. After the rate of 
moisture removal had become quite small the operation was 
stopped and the sample bone dried. Runs were made for differ-
ent air humidities, temperatures and velocities and for differ-
ent values of thickness and water concentration of the samples. 
B. Method of Loading Basket: In order to get a com-
plete drying rate curve it is necessary to start with stock 
which has a water concentration above the critical value. 
This necessitated the loading of wet fibers so that they would 
be distributed over the basket area in uniform thickness. 
This was accomplished by lowering the basket into a tank of 
water which had flax fibers dispersed throughout its volume. 
As the basket was withdrawn an even layer of fibers collected 
over the basket area. The thickness of the fiber layer was 
controlled by the fiber Concentration** in the water. The 
basket was then allowed to drain before placing it in the 
dryer• 
For aid in dryer design, runs were made on fibers 
which had been freed of their excess water by means of squeeze 
rolls as thisvis, the condition of the fibers as they leave 
the present flax washing*machine• Strips of pressed fibers 
were spread over the. basket area in an even layer. 
: 
(8) 
The stock thickness could be varied most easily by simply 
increasing the number of such layers. When high air velo-
cities were employed a screen wire was put over the stock 
to prevent any loss during the drying process. 
When flax straw was being dried it was only necessary 
•» 
to spread the water-retted straw evenly over the basket area, 
and place the screen over the top* Drying straw in large 
bales and in different size bundles was attempted but this 
proved very impractical as there was almost no removal of 
moisture from the interior of the bundles. Flax straw 
should be dried in a very loose condition, so that the air 
stream may come in contact with the individual straws. 
This fact is of much more importance here than in the case 
of the flax fibers as the straw contains a woody section 
which is extremely resistant to water removal. 
C-. Temperature and Humidity Control: These two 
variables were controlled automatically by compressed air 
regulators. The control devices were simply set at the proper 
points to give the desired air condition, the temperature 
and humidity remaining constant as long as settings were 
not changed. A Foxboro instrument was used to record the 
wet and dry bulb temperatures, the percent relative humidity 
being determined from these values. 
•v 





Mechanism of Drying Process. Water vaporizes from a 
very wet solid into air very much as it evaporates from a 
free water surface, the rate of evaporation being constant 
as long as the surface remains wet. For porous s6lids water 
is fed to the surface by capillarity, being replaced by air 
2 3 
which enters through a few larger openings. ' This movement 
of moisture may be loosely termed "diffusion", although the 
movement is probably always due to capillarity. If the pores 
or capillary passages are small, the moisture reaches the sur-
face as fast as it evaporates and vaporization will take place 
at the surface. If the material is of a loose structure, the 
surface is freed of moisture faster than the water arrives 
from the interior, thereby emptying the passages near the sur-
face of their water*. Vaporization then takes place beneath 
V*B ' * s< 
the surface of the solid and the vapor formed moves through 
the air filled passages in the relatively dry surface layer. 
jt loose fibrous material allows the zone of vaporization to re-
treat from the surface, since the tendency of the water to 
come to the surface is small. 
'T.K.Sherwood, Am. Inst. Chem. Eng. Vol. 32,150,(1936) 
'Sherwood and Comings, Ind . Eng. Chem. 26, 1096,(1934) 
(1940). 
Ceaglske^and Kiesling, Am. Inst. Chem. Eng. 36, 211, 
(10) 
In surface evaporation the water has to diffuse from 
the surface of the material through the air film to the sur-
rounding air stream, the thickness of the film depending on 
the velocity of the ai»* being thick with low air velocities 
and decreasing as the air velocities increase, but in no case 
disappearing. The inner layer of the air film in contact 
with the solid is maintained saturated as long as the concen-
tration of the water on the surface is sufficient. It is 
known that the rate of vapor diffusion (weight per unit time) 
varies directly as the cross-sectional area of the path taken 
at right angles to the direction of vapor diffusion, directly 
as the difference of partial pressure of the vapor at the two 
jpoints in question and inversely as the length of path. The 
'air film thickness is indeterminate but it is a function of 
ithe air velocity. This removal of moisture is accompanied by 
a large consumption of heat, the heat supply coming from the 
rying air stream by conduction through the air film and being 
iroportional to the temperature difference* As long as the 
gurface remains wet it assumes the wet bulb temperature of the 
flair, so that, for a given drying condition, the driving force 
remains constant, but as the water content of the stock de-
creases the moisture concentration on the surface finally be-
comes so small that the rate of evaporation decreases and, 
Jifcherefore, the surface temperature begins to increase. As the 
j$one of evaporation retreats from the surface, the observed 
-,..v • ' 
thermal resistance Increases with the thickness of the surface 
(11) 
rer through which heat must penetrate. 
Sherwood gives a drying rate curve (Figure 1) for a 
'phite paper slab where the vapor removal is largely con-
"lling throughout thê  falling rate period* In the portion 
-c of the falling rate period, the rate is controlled by 
•» 
>̂or removal from the unsaturated surface, and the principal 
tors affecting the drying are air velocity, temperature 
humidity as in the constant rate period, the rate being 
dependent of the thickness• 
Drying 
Rate 
Water Con* Dry Basis 
Fig. 1 
fon the portion c-d"j as dryness is approached the' rate of dry-
ling is determined by the rate of vapor transfer through the 
•̂ porous solid. 
Believing that moisture movement in solids should be 
^analogous to heat conduction in solids, a number of writers 
T e g Y 
(;,'(Lederer,° Newman, Sherwood, ) have developed 
4 Sherwood, I n d . Eng . Chem. 2 2 , 1 3 2 , ( 1 9 3 0 ) . 
L e d e r e r , Z e i t . Angew. Chem. 3 7 , 750 , ( 1 9 2 4 ) . 
'Newitfan, Am.. I n s t . Chem. Eng . 2 7 , 2 0 3 , ( 1 9 3 1 ) . 
" " " ,f " " . 2 7 , 3 1 0 , ( 1 9 3 1 ) . 
- • > . JT'VTTp mi-M****** * 
Sherwood, Xha. Eng. Chem. 
ft ~ - tf « H 
21, 12, (1929). 
24, 307, (1932). 
(12) 
theorectical equations relating the moisture content and time 
for various solid shapes. All of these developments were 
based on Fickfs law> which states that the rate of moisture 
"diffusion11 is proportlonaj. to the moisture gradient. In 
porous solids the movement would seem to be mostly by capil-
| larity and Fields law would not be applicable• 
Equilibrium Moisture Content, It is well known that if 
a material is brough into contact with air of a definite 
temperature and humidity it will attain a definite moisture 
content that will be unchanged with further exposure to the 
t̂ tlr. This is known as the equilibrium moisture content of the 
£material at the specified conditions. The percentage of ab-
sorbed moisture is dependent on the structure of the solid and 
always decreases with an increase in temperature and increases 
•with an increase in humidity, 
Free Moisture«,^ Free moisture is defined, as that moist-
re in a material which is capable of removal and is equal to 
the total moisture minus the equilibrium moisture• If a more 
•j&omplete removal of water is desired a higher air temperature 
|or lower air humidity must be employed. 
Critical Moisture Content. The critical moisture con-
tent of a material may be taken as the average water concen-
tration at the end of the constant»rate period. Its value de-
pends on the rate of drying, decreasing as the rate increases, 
J* - .. 
Sherwood and Com&n^sT tnd.Eng.Chem., 26,1096,(1934). 
(13) 
This variation Is not so great but the data obtained on flax 
fibers shows this property well* 
Effect of Humidity on Drying Rate* If all other con-
ditions are kept constant and the air humidity allowed to 
vary, the drying rate curves will be displaced up or down 
•* 
depending on whether the humidity is increased or decreased, 
the shape of the curve remaining unchanged. This effect is 
well established by data obtained by the author on drying 
Pates of flax fibers. 
Effect of Direction and Velocity of Air on Drying Rate. 
*Phe rate of drying is greatly affected by air velocity so long 
is the surface is wet, the effect being analogous to the in-
fluence of fluid velocity on the dissipation of heat from a 
tot surface in contact with a fluid stream. 
Sherwood presents data of many investigators on the ef-
*eet of air velocity^.and direction on the rate of drying. 
te data of Kamel and Sedohara on vaporization from wet sul-
dte pulp show a fairly constant vaporization rate with air 
Velocities from 0 to 2 meters per second and a rapidly in-
Creasing rate for higher air velocities. Sherwood also suggests 
that since the effect of air velocity is analogous to its ef-
fect on heat transfer, it might be expected that the rate-
ilocity curves would not be linear, but should follow the 
'sherwoocf; Am. Inst. Chem. Eng., 52, 150, (1936). 
(14) 
power function relation with an exponent somewhat less than 
unity. See Equation (1) below.-
• 
W r 0.027 V°#8(pa - Pa) (D 
W z rate of vaporisation, Kg. per square meter per hour. 
V B velocity of parallel air stream, meters per second. 
pss V.P. of water at liquid surface temperature, Mm Hg. 
pa sP.P. of water in the air stream, "Mm Hg» 
Himus devised a power function with an additive term 
to take care of free convection but its more complicated 
form is not justified for estimates of drying rates. Sherwood 
recommends the more simple form as a conservative estimate of 
drying rates over a range of air velocities from 1.5 to 7.0 
meters per second at room temperatures and shows that it is 
safer than a linear relation for extrapolation to higher air 
velocities. 
Moistad, Parevaag and Parrell showed that perpen-
dicular air streams- with velocities of 3-15 feet per second 
«; 
(mass velocities,' G, of 800-4000 # per hour per sq.ft.) gave* 
evaporation coefficients (K = # evap. per hour per sq.ft. per 
unit humidity diff. ) which were about fifty percent greater 
than the accepted values for the evaporation of water into a 
parallel air stream. Increasing the air temperature did not 
Iter the evaporation coefficient and drying rates on Celotex 
.nsulating boards gave evaporation coefficients for the con-
jstant rate period which were substantially the same as those 
Molstad, Farevaag and Parrell, Ind.Eng.Chem., 32, 
|50, (1936). " :~^ ., 
(15) 
for water under the same conditions. 
Later work by Kamei, Mizuno and Shioni on drying rates 
of clays showed the effect of perpendicular air streams to be 
only slightly greater. •It is well established that the direc* 
tion of air streams does not have such a pronounced effect at 
high air velocities, but does greatly affect the drying rates 
at low velocities. Air velocity has its greatest effect on 
drying rate during the constant rate period, with its effect 
diminishing as the material approaches dryness, 
Effect of Porosity. McCready and McCabe11 show the 
effect of porosity on the drying rate and on the shape of the 











Pig. 2 Pig. 3 Pig. 4 
porosity decreases the thermal conductivity of the solid 
increases and the diffusion coefficient decreases, while the 
[heat transfer coefficient through the air film and the coef-
;lcient of water vapor diffusion ̂ through the air film is un-
hanged. 
1933) . 
i:LMcCready and-l&egabe, Am. I n s t . Chem. Eng . , 29, 131, 
(16) 
Effect of Heat Transfer by Radiation and Conduction, 
If the heat of vaporization is supplied only by convection 
through the same surface air film through which vaporization 
takes place, the wet material assumes the true wet bulb tem-
perature of the air stream. If heat is also received by 
•» 
radiation or by conduction, the dynamic equilibrium requires 
a higher solid temperature and the rate of drying is increased, 
Thus in practice the material is usually hotter than the wet 
bulb temperature during the constant rate period, and the 
drying rate is greater than would be calculated from Equation 
(1), Page 14, by assuming ps equal to the vapor pressure of 
water at the wet bulb, temperature. 
The effect of radiation on the temperature of the wet 
solid may be calculated, providing the temperatures and. the 
positions of the surrounding surfaces are known. The method 
is to equate the tota!̂ . heat input by radiation and convec-
tion to the heat required to vaporize water at the rate given 
12 
by Equation 1, Page 14* The resulting balance can be solved 
for the unknown temperature of the solid surface, ta, and the 
s 
vapor pressure, ps, which are related by the vapor pressure 
curve. 
The rate of drying from a wet surface, A, may be ex-
pressed approximately by the equation: 
Sherwood,"' Ind. Eng. Chem. 21, 976, (1929). 
(17) 
dW a RA(HS - Ha) ——-.-* (2) 
d9 
where Ha is the absolute humidity of the air, Hs is the satu-
rated humidity at the temperature of the surface of the solid 
and is a constant. Then by^a heat balance, 
• 
dW = lfh^A(ta- ts)+pCA(t£- tf)] V6) 
a¥ rsL- —' 
where p is the black body coefficient of the solid surface, 
C is the radiation constant in the Stefan-Boltzmann radia-
tion equation, tr is the absolute temperature of the surround-
ings, ts is the absolute temperature of the solid surface, ta 
is the absolute temperature of the air, hc is the coefficient 
of heat transfer by conduction, A is the total area of the 
solid, and rs is the latent heat of vaporization of water at 
the surface temperature, 
It will be noted that this equation simply states that 
the rate of vaporization is equal to the rate of absorption 
of heat* divided by the latent heat of vaporization, the first 
term within the brackets representing the heat flow by con-
'uction through the surface air film and the second term, the 
eat absorbed by radiation from the surroundings. Combinining 
•he above equations, the following relation is obtained: 




wis has shown that for conditions of evaporation at the wet 
13 ulb temperature: 
h 0 a S r Ca-+- Cw H, 
R 
(5) 
the humid heat of the wet**air, where Ca and Cw are the specific 
Cheats of air and water vapor respectively. JSince hc and R are 
([primarily dependent on the gas film thickness and, within 
imits, not on the surface temperature, it might be expected 
f&hat the relation jabove (Equation 5) would hold for evaporation 
t temperatures somewhat above the wet bulb temperature. 
-plying it, therefore, to the case in question: 
ps< Hs- Ha) ; ta - tg + pC (t£ - tf) (6) 
S Ec 
ince Hs is a known function of ta, it is possible to solve 
ie equation for ts for any given set of conditions. 
An example of the use of Equation 6 in the calculation 
the effect of radiation on the relative drying rate for two 
Wte of conditions has been calculated by Sherwood and plotted 
n Figure 5 as a function of the temperature of the surroundings 
alues of the product hc(Hs-Ha) are plotted as ordinates which 
re seen from Equations 2 and 5 to be proportional to the 
ate of drying and the abscissas represent the temperature of 
he surroundings. The two curves shown are for different 
13Lewis, Ind. Eng. Chem. 13, 427, (1921). 
(19) 
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Pig. 5 
The effect of heat conduction is not easily calculated, 
jDut may be large. Materials dried on trays receive heat by 
conduction through the tray bottom, and the temperature of 
t̂he wet material is increased although usually not to the dry 
bulb temperature. Since the vapor pressure of water rises 
apidly with temperature, a small increase in the temperature 
f the solid may increase the rate of drying considerably. 
I 
Moisture Movement by Capillarity. When a tube of small 
internal diameter is placed upright with its lower end in a 
liquid, in general the level of the liquid inside the tube 
will not be the same as the level outside. This phenomenon 
is known as capillarity. If a liquid wets a tube (like water 
in glass), the liquid rises in it and if the liquid does not 
I -
wet the tube (mercury in glass), it is depressed. The general 
free surface of a liquid is horizontal, but where the liquid 
is in contact with a solijd̂ .kite surface is usually curved, the 
(20) 
Section and amount of curvature being different for differ-
liquids and solids* 
Consider the simple case of a glass capillary tube in 
iter. The amount of pull per unit length of the circumfer-
re of the circle of contact is T, and the component of this, 
:en parallel to the length of the tube,* is T cos a. For 
Ee whole circumference of the circle of contact the sum of 
lese components is 2ifr T cos a. This is an upward force 
the liquid in the tube and it draws the liquid upward, 
fctil the weight of the liquid elevated above the ordinary 
jrurfaee equals the supporting force• If the mean elevation 
h cms., the volume of the supported liquid is tfrsh cubic 
mtimeters and its weight rfr2hpg dynes. Equating the two 
>rces: 
7/r2hpg .- 2i/rT cos a (7) 
H - 2 T c o s a -~- (Q) 
>* gpr 
will be noted from Equation 8 that the elevation varies 
.rectly as the surface tension and inversely with the tube 
>adius and liquid density. 
Capillary action is not confined to the rise of liquids 
capillary tubes. It occurs wherever there are minute cre-
pes, pores, or tiny passages of any shape whatever. Capil-
>ity explains the rise of oil in a lamp wick, the absorp-
tion of ink by a blotting pad or the absorption of water by 
towel* 
(21) 
14 Comings and Sherwood used a tapered capillary tube 
to show the mechanism of capillary movement of liquid water 
through a solid undergoing drying. When this capillary was 
filled with water and allowed to evaporate into the air of 
the room, it was noted that the small meniscus remained sta-
tionary at the small end of the tube while the larger miniscus 
moved continually from the larger to the smaller end until all 
the water had been evaporated. 
In the drying of granular or porous solids, the capil-
laries are neither straight nor circular but the water is 
pulled through the passages in a manner similar to the move-
ment through the tapered capillary tube. Water evaporates 
$rom the small menisci exposed at the surface of the solid, 
the small curvature of these surface menisci exerting a suf-
ficient capillary pull to draw water through any passages end-
ing in air-water interfaces of larger curvature. The water 
drawn to the surface is replaced by air which enters the solid 
through the larger passages connected with the larger openings 
at the surface. Because of the complicated interconnected 
passages beneath the surface, it is possible for the necessary 
air to enter through a relatively few surface openings and thus 
for the moisture concentration near the surface to remain rela-
tively high.- The water will continue* to rise to the surface 
through any system of interconnecting passages until all the 
fc >.-. 
14 
Comings and SherVoodV'lnd. Eng. Chem., 26 , 1096 , (1934) . 
(22) 
mrious menisci at the lower ends of the water column have 
ie same radius of curvature as the small menisci at the 
surface where evaporation is taking place. When this stage 
ŝ reached, a small amount of evaporation from the surface 
nisei may result in a retreat of these surface menisci into 
assages of smaller cross-section and the Increased capillary 
ension is sufficient to draw additional water to the surface, 
As the drying proceeds, a time will be reached when 
lie menisci at the lower ends of the water column. In any. 
ystem of interconnecting passages are, in general, about the 
ame size as the smallest cross section of the surface open-
ings, and water will no longer be drawn to the surface through 
ĥese passages. Evaporation will continue from the surface 
nisei and the water in these surface openings will be freed 
6 the surrounding air, thus causing the retreat of the sur-
face menisci into the'" solid. The rate of drying will be retar-
.*: 
* - • • 
ded because of the necessity of the vapor formed to diffuse 
an appreciable distance through the air-filled passages to the 
surface* Sherwood has obtained experimental data on the dry-
ing of various solids which show that drying does take place 
from water surfaces in the Interior of the solid. This was 
shown by the decrease in overall coefficient of heat trans-
fer from air to solid measured by -thermocouples placed at the 
center of the solid. As the solid dries, the tension exerted 
by capillarity results in a corresponding compression of the 
solid structure and a, CrOn̂ aê uent strong tendency for the 
(23) 
Material to shrink. Sherwood makes the analogy between the 
moisture movement in a drying solid and the rise of sap in 
trees, explaining both movements on the basis of capillarity. 
It has long been established that the rise of sap in trees 
cannot take place by capillarity and hence this analogy is 
meaningless. 
The failing-rate period of a drying process is, in 
general, divisable into two secondary periods, from which the 
mechanisms of drying prevailing in each may be called the 
zone of unsaturated surface drying and the zone where internal 
liquid diffusion is controlling. The former follows immedi-
ately after the critical point; the decrease in the rate of A *>V M» 
U' 
drying in th i s zone is due to a decrease in the wetted surface ^ / 
•f/ v 
of the material. The surface is no longer completely wet, butf J\ / 
A/F 
dry portions of the solid extend out into the air film, so 7 -U 
Y 
that the rate of evaporation per unit of total surface is de-
creased. 
During the zone of unsaturated surface drying the 
Resistance to the diffusion of vapor through the surface air 
:ilm is the controlling factor. During the second zone of the 
•ailing-rate period the rate of internal diffusion controls 
the rate of drying. Obviously, if the initial water content 
lis less than the second critical, water content, internal 
.iquid diffusion will control throughout the drying process. 
• 
(24) 
Notes on Dryer Design. 
A. General: If a single external heater is used, the 
air leaving the dryer is usually returned to the fan, only 
a portion being rejected. Such a dryer is adiabatic and the 
humidity is highest where the temperature is lowest, there 
being a decrease in the rate of drying at the air outlet. 
This may not be serious if the recirculation of air is large 
in comparison with the length of travel over the wet material 
,n the dryer. 
Dryers having Internal heating units may be maintained 
at a constant temperature throughout and need not be supplied 
with heated air* Pinned tube heaters should be used. 
Proper circulation in most types of dryers is best ob-
ained by means of fans located within the housing, since 
tiform air distribution Is almost impossible with air supplied 
"rom an external blower. The most logical procedure is to 
Jake air circulation and supply quite independent of each 
ther by employing internal fans for proper circulation and a 
jingle exhaust fan to remove the waste air at the proper 
p&midity. 
Principal heat requirements are: • 
1. Vaporization of water. 
2. Heat in waste air. 
3* Heat lost from dryer* housing. 
4. Heat required to heat stock and conveyor. 
The principal items under the control of the designer 
>e the heat lost in the waste air and the heat lost by 
(25) 
convection and radiation to the surroundings, the latter loss 
being diminished by proper insulation, 
There is a general misconception that sensible heat 
loss increases with exhaust air temperature, while actually 
the water vapor carrying capacity of air increases so rapidly 
with temperature that the decrease in the amount of air re-
quired more than offsets the increase in temperature and the 
sensible heat loss at 80°C will ordinarily be less than at 40°C« 
The curve of sensible heat loss versus exhaust temperature 
(given in the "Drying" section of Perry*s Chemical Engineering 
Handbook) for fixed percents of relative humidity of fresh and 
jwaste air, goes through a maximum in the vicinity of 35°C 
The reduction in sensible heat loss is, of course, offset by 
the increased heat loss from the housing if the temperature 
Is raised too high, 
As a compromise between air requirements and drying 
Urates at different exhaust humidities, Sherwood suggests that 
jhe waste air should be maintained at about 60% relative 
lumidity, and controlled by setting the damper in the waste 
.r flue. 
Estimation of Drying Time* Sherwood suggests a simple 
approximate relation between moisture content and drying time 
in the following equation: 
© r ©c ©f To -
 T c + 1 
KT(Xc - T e ) K» 
Where K» s R» ... —*j~A? 
T c - T e W " 
log e Tn - T, (9) 
T - T e 
• 
(26) 
T s average moisture content at time © f, gms. HgO per gm. 
solid* 
T0 s initial water content. 
Te s equil. moist, content. 
Te « critical moist, content. 
R! s drying rate over constant rate period. 
A s wetted surface* sq*. meters* 
W z wt. of dry solid, Kg. 
It was found that the above equation would check well 
with the experimental data for flax provided the following 
changes are made: 
K = 1.8 R . A 
Tc - Te W 
R s drying rate in constant rate period, # 
hr. ft* 
A = total drying area, sq.ft. 
T, T0, Tc and T©, #H20 
# dry flax 
The following results show the applicability of the revised 

















B. Tunnel Dryers. Stock in the form of fibers or 
straw could be easily propelled through the dryer on an end-
less screen wire belt or any similar type of traveling conveyor. 
In any case where the drying rate increases directly 
with air velocity it is desirable to increase the air velocity 
without changing the ratio of the rates of air and stock supply. 
v - . - — ** 
(27) 
This may be done by recirculating the air across the stock 
and over the internal air reheaters by means of fans within 
15 the dryer* 
The drying air may be made to pass parallel or 
•H.. 
countercurrent to the direction of passage of the stock, the 
countercurrent method being superior for an efficient use 
of the heat and moisture-carrying capacity of the air* If 
it is necessary for the stock to leave the dryer with a 
definite percentage of moisture, or when so called case-
hardening of the stock is liable to occur, parallel flow 
serves to give a more satisfactory control of temperature 
and humidity* Wherever allowable, heating elements should 
be arranged throughout the dryer space in order to keep 
;he air at such a temperature that a satisfactory rate 
of evaporation may be obtained without overheating the pro-
duct or causing excessive heat loss in the discharged stock. 
•* 
15 
Walker, l£wis,lfo Adams and Gilliland "Principles of 
Chemi c al Engine erring. 
• 
V CALCULATION OP EQUILIBRIUM MOISTURE 




Sample #1, 136°F, X5% R.H. > 
Total weight at equilibrium 
Weight of cartridge 
Weight of stock at equilibrium 
Weight of bone dry flax 
Weight* of equilibrium moisture 
Grams H20/l00 grams dry flax z #H20/l00# dry flax 
12.672 grams 
10,165 w 
2.S11 • _ 
2.456 w 
0.055 » 
0.055 x 100 = 
2,456 
2.24 
These values of equilbrium concentrations are plotted 
against percent relative humidity as an equilbrium moisture 
content curve (Pig. 6). 
Discussion of Equilibrium Moisture Content Curves. 
The equilibrium moisture content curves for flax fibers 
show an increase in equilibrium moisture with increasing 
percentages of relative humidity at a constant temperature 
and an increasing percentage of equilibrium moisture for 
decreasing temperatures, the humidity being constant. This 
is in accordance with theoretical considerations and the 
general shape of the curves is similar to those for many 
other textile fibers. 
'v. 
J S S "• "'* 
*£*»*£ 
• - > , • . , . * 
Points on the curves represent the percentages of • . . 
moisture in the stock which Is incapable of removal by air 
at the temperature and humidity of that point. Values at 
! • 
temperatureS and humidities other than those shown on the 
curves may be estimated with sufficient accuracy by interpo-
• ' • - . . , . • • • ' • * 
1 at ion and extrapolation* 
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VI CALCULATION OF DRYING RATES AND 
EXPLANATION OP DRYING RATE DATA 
To illustrate the general method of calculating 
drying rates, run V-F-2, Pig. 7, is taken as typical. 
(V-F-2 data on page 57). 
1. Plot time in minutes against total weight in 
pounds as obtained experimentally. 
2. Draw a smooth curve through these points, giving 
the time-weight cttrve. 
3. Select some point, Pj (W = 5.73, T = 167.50) on 
the time-weight curve and draw a tangent, CS, to the curve 
at this point. 
4. Draw a line, BR, parallel to the X-axis and in-
• 
tersecting the Y-axis and the tangent, CS. 
• 
5. CB = 8.90 - 6.00 - 2.90 -• W 
BR = 150.00 '- 0.00 z 150.00 = T 
6. Slope (4w/€t) pf tangent, CS « 0.193 
2.90/150.00 = 0.0193#/min. 
7. Drying area z 2 x area of one side of basket 
s 15 ft.2 
8. Drying rate at the point chosen on the time-
weight curve s pounds of water removed per hour per sq. ft. 
of drying area s 0.0193 # x 60 min. x 1 = 0.08# 0 
min. hour 15 ft. 2 Hr.ft. 
9. Subtract from the value jof the total weight at 
the point of tangency the weight of the assembly, thus 
obtaining the totitl weight of the stock. 
Total stock wel^^^^.73 - 4.25 r 1.48# 
•• « •• 
%mJ »-•• • 
• • - . . » 




\o*i .. .,- ,-.J 
• • : • • • • • . . . . • 
- . . . . • - - • • ; • • • , • • 
. - ' • • • 
10. Subtract the weight of bone dry stock from the 
total weight of the stock to obtain the total moisture -'• '. fci 
present. Total moisture present = 1.48-0*77 - 0.71# 
11. Read the value of the equilibrium moisture con-
tent at these drying conditions from the equilibrium curves 
and subtract this value from tne total moisture, obtaining 
• • • 
the free moisture c o n t e n t . Free moisture - 0 .71 - 0 .03 j£ 
• - • 
V* D O 7 T « 
12.. Divide 4*he pounds of free moisture by the { 
pounds of dry stock* obtaining the water concentration at 
the point chosenonthe time -weight curve. Water concen-
tration - 0.68/0.77 r 0.89 #freeH20 
* 'H'v.'^' !L.' L S _ • i i i d T #dry stock .-.v. 
13. Determine drying rates and water concentration 
•• • " ' . ' . - - , ; * 
. ' . ' " ' • • 
values for other points on the time-we: 
• • ' . ' • - • * / - ' . ' l % ; 
above• . 
curve as shown 
• 
• 
14. Plot the, yrater concentration values as abscissas 
against the drying rates as ordinates, thus obtaining the 
drying rate curve. 
15. It will be noted that the values AW and AT are 
| not obtainable directly from the original time-weight data 
• 
> 
but are values derived as shown above* 
-
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V I I EFFECT OF OPERATIC VARIABLES OK DRYING 
RATE OF CHEMICAI&X" EE-aUMMEE> FI*A2t FIBERS 
' " . • : ' : ' - - • ^ ' " ' • ' 
-
Effect of Humidity on the Drying Raise of Flax Fibers* 
In determining the effect of humidity on the drying rate 
of flax fibers, all variables were held.,, const ant except the 
percent relative humidity. In runs H-F-l, H-F-2, H-F-3, 
• • • • • ' • ' : " . 
ând H-F-4, Figures 8, 9, 10, 11* 12, the air velocity was 
! • ' - • • 
maintained at 1500 feet per minute, thickness of fiber 
|layer a.\ 1/2 inch, wet-bulb temperature at 102°F* By vary-
ng only the dry-bulb temperature, the effect of humidity 
the drying rate was readily studied. 
As the air humidity is varied from 5% to 61$, the 
•te curves are displaced vertically in proportion to the 
te of drying through the constant-rate period* The effect 
varying the air humidity is to vary the partial pressure 
radient from sir*stream to vaporization zone and thus vary 
drying rate in proportion to this difference* The rate 
drying increases as the percent relative humidity is de-
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Effect of Air Velocity on the Drying Rate of De-
Summed Flax Fibers. in runs V-F-1, V-F-2, V-F-3, V-F-4 
and v-3*-S, Figu^erlS, 14; 15, 1.6, 17, 18, the dry-bulb and 
wet-bulb temperatmre-s were maintained at 142°F and 1Q2°F res-
peetively (percent relative humidity a 25%), thickness at 3/8 
inch and the air velocity was allowed to vary from 100 to 
1500 feet per minute. 
An.increase, in stir velocity increases the coefficients 
of heat transfer a&d diffusion of the air film and this is 
equivalent to increasing the rate of drying during the 
constant-rate period in direct proportion to the increase 
in these film coefficients. 
These curves show the large effect of air velocity 
on the drying rate through the const ant-rate interval and 
its decreasing effect as the material approaches dryness. 
It is evident from t^ese curves that air velocity has a very 
important effect on the drying rate of flax fibers. 
Curves 1, 2, 3 and 4 of Fig. 19 show a plot of dry-
ing rate, against air velocity at different water concentra-
tions In the fibers. Points on these curves are obtained 
by reading along a constant concentration line of Fig. 18. 
These curves readily show the decreasing effect of air velo-
city oh drying .rat̂ e as the water concentration decreases, 
and also suggest that the intensity of the velocity effect 
will decrease aiPhijgfe air velocities as the curves begin to 
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1 
&g£e&b of Thickness on the Drying Rate of Flax 
Fibers* Funs T-F-1, T-F-2, T*-F-3 and T-F-5, Figures 20, 21, 
22, 23, 24, show the effect of thickness (depth of fiber 
mat leaving washing machine squeeze rolls) on the drying 
rate of flax fibers during the falling-rate period. The 
velocity was held at 885 feet per minute, and the relative 
humidity at 18 percent• The thickness has littie,or no 
effect during the constant rate period and the effect of 
varying the thickness'from i/8 to 5/8 inch does not alter 
the drying rate in the falling<-rate Interval considerably* 
Thickness does not greatly affect the drying rate 
provided it does not exceed 5/8 inch. 








• . I 
• • - . . -
- . . • .- -





• : • , • • . . . . . . . . -
^^^^^Cr^v^^-v,^^^^^--" T V * 3 K V ' ^ d 
: . i . . •• * 
• • • • 
: ' " - . > v - • • • • ••• 
• • 
. . " - " : ; - : . ' • • • ' • ' . , 
• • • • • • • . ; - : • 
^ % . _ . ; . . • • • . • •• ^ ' S T * 
. 









CO ^ H 
E-* R CO * 
o 










o feu I a 
. Mfc, 
4~3hJ 







__0_ 1 LJ L i 
aopa :aawnt»s faa nhoH ma -satooa f SU;VH omiuci 
i co h cq 
HH CO i ' 
I H 10 
H j a O l 
M CO 
I O * 
H » » w 
: j | 
i 
1 : i • 
i - •- ; 
! • • 
i j 
1 | "  "" 
i 
! j 









i i ! i " i i 
1 1 
) . J 
1 




- - - , - 1 




1 ' i 
a 
1 









... . j . 1 : . 
1 
C 
- - • ; 

























; • : ! ' : 
L, ' 




1 ; • 
1 . 
+ - --
iboa ^Hvntjs aaa Haon &&t sffiuio<r -
j H ^TTTt: • 
• ° ' - ! J 
• | 
3 .' , ! 




1 ~ r"~ 7 
I i ' • . ! • • 
r-T.WtO 
q.00^ OcfBijibs a:© (I an i n ae<j epmfio^ 
















u X n 
rH O 
! * ! 






















coo ID t> H co to to H to o to b ID w 
I M ^ t O i Q i D ^ f c O t O t O 03 03 H H O O • • • • • • • • • • • • • • • 
ooooooooooooooo 
% 
H ^ 0 0 3 t 0 ^ t O O C O t O C O l D a > t D 0 3 
t - tO to ID * # " # ( O W W O l H r i O O O 
• • • • • • • • • • • • • • • 
O O O O O O O O O O O O O O O 
< 4 * t O O J » i D O > t O t O t O H l O H £ - 0 3 f r - l O 
M O t O i O ^ ^ W W W W C M H H O O 
• • • • • • * • • • • • • • « 
O O O O O O O O O O O O O O O 
H O t ^ t O ^ f c O H O O C O C - t O i O f c O O a 
03 H H H H H H H O O O O O O O 
• • • • • • • • • • • • • • a 





H ID lO 03 CO O ID 
H O G> 05 CO 00 !>-
• • • • • • • 









<0 CO "tf O *&tQ tO 
lO^« lOtO 03 H O 
• • » • • • • 













O OJ CO <# CO D- O 
tO lO tOtO 03 H H 
• • • • • • • 
HH HHHHH 
tO ID "4* tO 03 O 0> 
03 03 03 03 03 03 H 
• • • • • • « 
O O O O O O O 
• 
EH 5 
0 frfo O O 
ID O 
H tO H 
1 HH 




« f t ^ 
^ 03 
•P 
O O O O O ' O O O O O O O O O O 
0 0 3 0 t O < O O t D 0 3 0 1 i Q 01 ID CO O O 
• • • • • • • • • • » • • * • 
O l t O ^ H i O t Q C ^ O O H C Q t O ^ ^ H t O L O 
H H H H H H H O 3 O 3 0 3 0 3 O 3 O 3 O 3 H 
0 3 H O 0 V C 0 f c - t 0 O C - ^ Q l D 0 0 > t O 
t O t O « O t f l i O l O l O i f 3 ^ ^ ^ » t 0 0 3 H O 
• • • • • • • • • • • * « • • • 
O O O O O O O O O O O O O O O 
» CO 10 tO O CO £- ^ 03 fc- 03 CO 10 *# fc-
to ID i n ^ I * * ^ O * 4 J C V I H H O O O> O> 
• • • • * 7 • * > • • • • • • 




. ' • • • 
„ ooooooo i l O O £ * » 0 3 l O O O t • ,'.# • • • 
r*» 03;tQ t b * * l O t - CO 
03 C$ 01 03 03 03 03 H 
•9 a © 
o* 
5 
tO - ^ 03 H Q tO • * 
Q • • . • • « • • • * • 






£ H tO 0> ID Cft CO rH 
D O ) C~ fr~ tO ID lO 
• * • • • • * CO C* t - fc- fr- > t> 
. 
• 














H O J ^ W C O O 
fr- t O l O ^ O J 02 
• • « • • • 
o o o b o o 
O fr- tDt&O) 00 
O CO fr- CO tO 02 
• • • • • • 
H O O O O O 
=ftsbO 
fr- • 









N t O l O l O l O O l O H O J W O ] 
H O C O f r - t O l O ^ ' t f c Q O i O I • • • • • • • • • • • 
H H O O O O O O O O O 
G 0 C 0 t O t 0 O W < # l D ^ H C 0 H 
lOtOO>fr»lQHOO>fr-tOtO 
• • • • • • • • • • • 
03 0 3 H H H H H O O O O 
+3 















- P \ 
05 • 
"I 
• * H O M O 01 
O 05 CO <0 ^ tO 
• « • • • • 
H O O O O O 
CO CO "^03 CO CO 
H H H H O OP 
• • • • • ' • 













lO W t O O > W H W H i O G O 
«0 ^ O C O i O C S H O C O t O i O 
CM 03 M H r f H H H O O O 
CD t O H C 0 « D t O O 3 H C f c f r - f r -
W W W H H H H H O O O 
« • • • • • • • • • • 
O O O O O O O O O O O 
c 
EM H 
> I s 
O O O O O O 
O 0 3 0 0 ) 0 0 
• • • • • • 
OJ H t o m O i o i 
03 tO 60 tO ^M "*H 
O O O O O O O O O O O 
O O f r - i O O i Q i O l O O O O • » • • • • • « • • • 
«H> CO g) 0 > 0 0 3 H f r - f r - 0 3 C p 





O 03 tO tO ^H 1X3 
t0 0 3 H O G O < 0 
• « • • • • 
H H H H O O 
' * * • -
03 H 03 «tf to 
fcOO3OC0fr— • • • • • • 








^ M f f f C 
pi 
o@goo Q o o o o o 
03 03 O: CO <0 3< 03 O 00 3> CO 03 03 03 -iH • • • • 
ooo 
CO «ONi«HCQt00atOO3CO0> 
0> C - t O H C O i O ^ f c Q H O C O 






• . • . • ' 
to • 

















© H £ 
00 o 
\ ^ l£> W • 
09 
H ,0 
I I d H 
-P 
03 o CQ EH 
© 

















fc si •& 
B 
(69) 
^ H O J t Q C O t ^ t O l O O l G t O E - t O 
H O 0> COC-OtOLOlO^tOOJOJ 
• • • • • • • « • • • • • 
H H O O O O 0<Q O O O O O 
tO Q Of-O* W i O W i C C 0 H H H > 
C O ^ O f c - t 0 0 2 H C O < O l O H O > ! > 
• • • • • • • • • • • • • 
t O t O t 0 0 3 0 4 0 2 0 2 H H HH O O 
t 0 O 0 ) 0 > ( M l 0 C V 3 l O C 0 H H H I > 
O W H 0 0 F . W W 05 > t0 OJ O CO 
• • * * • • • • « • • • • 
tO cO to 03 02 OJ 02 r-l H H H H O 
' 
tOWHO>CDiO^tQcvJHC0j>«O 
03 01 02 H r f c r t r l H H H O O O 
• • i - # « • • * » ' • • • • • » • • 
O O O O O O O O O O O O O 
o o o o o o o o o o o o o 
W O O W O W O i O O O O O O 
H Q 0 > 0 > t 0 t 0 l O H 0 2 ^ C Q 0 > i O 
^ *̂ to to to «ototo>c^coco> 
ooooooooooooo 
^ 0 2 0 O O t O ^ t O O H O O O t O O J 
• • • • • • • • • • • • • 





• • • • • .:%.. *^ j»- w #. t f3S-- -» • • 
W H rH rH H O O*CT©-0> 0} 0> 0> 
H H H . H H H H H i-f 
" 
,.• . 
VI EFFECT OF OJPERATING VARIABLES ON 
DRYING RATE OF WATER-RETTED WHOLE 
FLAX STRAW 
ect of ty on Straw. 
Discus sion, of Results* 
Runs H*S-1, H-S-2, H-S-5 and H-S»5y Figures 25, 
. • - • • • . • 
26, 27, 28 establish the effect of humidity on the drying 
* 
rate of f lax 0raw. Curves on Figure 29 are plotted by 
talcing points directly from the preceding graphs while 
the runs plotted individually show the actual calculated 
points for the rate curve. 
Air humidity has a similar effect on the drying 
rate of flax straw as it does on the flax fibers* All runs 
were made at a constant wet-bulb temperature of 100°F and 
an air velocity of 885 feet per minute. The bulk density 
of the straw wiuy approximately 0.70 pounds #er cubic foot 
for all runs. 
For illustration of sample calculation of drying 
rates see page 38 • 
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Bffecj&f Velocity on Drying Rate of 3tray 
®js cushion of Results: 
•I 111 • » • • 'I . ll II ! » » ! . » llll 1 | ; II I • . i t | I I'll I 
Buns V*S-1, V-S^2, V-S-3 and VVS-4, Figures 30, 31, 
• • " . • • • • - • • • • . - - ' 
32, 27, 33* were made afc a constant air humidity (D«B« -
134°F,W*B, z 100°?, R.H. = 31$) and bulk density (0.70 #/ 
cu.ft.) with air velocities ranging fro© 200 tor15O0 feet 
- . . . . . - : / - . . • : ' • ' - : • . " • 
per minute. Velocity has a large effect on the drying 
• .. 
. . • ' • • : . . ' ' i s ; • 
• 
rate during the constant-rate period, this e f fec t dimin-
ishing as the material approaches, dryness. f • 
Figure 34 shows the rate of drying plotted against 
• . 
air velocities at constant moisture concentrations, the 
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Runs S*2 and S-3> Fig. 35, 36, 37, show the effect 
: ' , , : v \ " , . " - . • : , , - • . . . . . • • .--• 
of the removal of t&e heads and roots 6n the drying rate 
of flax straw. Both runs were made at a dry-bulb tempera-
ture of IS Q°Fi wet-bulb of 100°P and with an* air velocity 
of 885 feet per minute. By removing the heads and roots 
the individual straws became tapered capillary tubes 
and allowed a removal of moisture by capillarity from the 
; . small ends as well as through the walls of- fche straw by 
diffusion. 
0?he drying rates were the same during the constant-
rate period but a marked difference appears in the falling-
rate interval. Removing the ends of the straw reduced the 
. . . . . . ( . . . 
critical moisture content as this operation allowed a longer 
U 
; 
co: ;-rate intervajk-due to removal by capi l lar i ty as 
well as by diffusion. 
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DISCUSSION OP ALL RESULTS 
3& al$ runs the area used in the calculation of dry-
ing rates was taken as twice that of the containing basket. 
• 
The actual total area of the individual fibers or straws ex-
posed to the drying air is, of course, indeterminate but 
since all design calculations would have to^be based upon 
the former area, its use in these calculations is well jus-
tified. Several runs were made utilizing an extra fan 
located within the dryer which forced air perpendicularly 
against the bottom of the material while the main blower 
delivered air parallel to the stock. This procedure in-
creased the drying rates considerably but the effective air 
velocity could not be determined so these determinations 
are not included in the thesis. Perpendicular flow of air 
seems to be more effective for the removal of moisture from 
these two materials than parallel flow of air. 
The effect of velocity on the drying rates of flax 
fibers and straw is intensive during the constant-rate period, 
the intensity diminishing as the materials approach dryness. 
High air velocities are very important in securing fast dry-
ing rates* 
Air humidity has an important effect on the drying 
rates of these materials but drying rates may be boosted at 
. • • • • ; 
high humilities by the use of a higher air velocity. The 
humidity of the air leaving any drying apparatus should not 
exceed 60 percent, because the drying rates are greatly 
•" a g a * • " • ' ' ' ; . - •••• . :•_:• ' 
impai Sceessive humidities and the saving effected 
in circi FAng smaller volumes of air is minimized by the 
redaction In the drying rates* 
A large percentage of water may be removed from the 
fibers by mechanical means^without any injury to the mater-
ial and this operation should always be carried out before 
exposing the stock to the drying air. This procedure will 
effect a large saving in drying costs• The mechanical 
removal of water from flax straw presents a more difficult 
problem as the straw would be crushed under pressure and 
the use of this operation would depend on the required con-
dition of the straw for subsequent treatments• It would 
seem that any method (squeeze rolls) that would crush the 
woody section of the straw and not harm the fibers would 
increase the drying rate by decreasing the diffusional re-
sistance and would also decrease the cost of drying. 
•NW«g «.-"'-v*-
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